Unit of Parasitology Department, Faculty of Medicine, Ain-Shams University during the interval from September, 2017 to February, 2018.
Subjects: Individuals infected with Blastocystis spp. identified as the only possible parasite in their stools were included in the present work. They were selected from attendants of the outpatient clinics of El Demerdash Hospitals and from persons referred to the Parasitology Research and Diagnostic Laboratory Unit of Medical Parasitology Department, Faculty of Medicine, Ain Shams University. Participants in the study included patients with early diagnosed CRC who had not received any chemotherapeutic drugs (GI); symptomatic patients suffering symptoms related to gastrointestinal disorders, such as diarrhea, abdominal pain and distension (GII); and asymptomatic carriers (GIII).
Each participant was subjected to the following: (i) questionnaire with a thorough medical history covering the personal data, the presence of GIT symptoms related to Blastocystis spp. infection (diarrhea, abdominal pain, constipation, flatulence), current health status with special emphasis on diagnosis of colorectal carcinoma, previous parasitic infections, and drug intake; (ii) complete clinical examination including general and abdominal examination to exclude other conditions. Stool samples: All participants were asked to provide three stool samples in clean, wide, disposable stool containers. Each sample was examined by direct smear examination, iodine, and trichrome staining, and by formalin-ethyl acetate concentration technique [33] , to diagnose Blastocystis infection and exclude other parasitic causes of GIT symptoms. Modified Ziehl-Neelsen acid-fast stain was used to exclude Cryptosporidium, Cyclospora, Isospora, and Microsporidium-infected patients [33] . In vitro cultivation was performed for each stool sample by inoculation of fresh stool in Locke's egg serum medium [34] . The cultures were incubated at 37°C and examination of 3-4 days-old cultures was done under ×10 and ×40 magnifications. On observing the typical vacuolar or granular forms of Blastocystis spp. organisms, they were sub-cultured in a new medium for several subcultures supplemented with antibiotics to minimize bacterial contamination before being used for animal inoculation.
Blastocystis

isolates:
Nineteen Blastocystis isolates were employed in the present study. These included isolates derived from patients with CRC (n=7); from symptomatic blastocystosis patients with gastrointestinal symptoms (n=6); and from asymptomatic Blastocystis spp. carriers (n = 6).
Experimental animals:
Three-weeks-old male BALB-c mice used in the present study, were obtained from Ain-Shams University Research Institute Animal House. Stool samples of mice were subjected to direct parasitological examination to confirm the absence of enteric parasites. All samples were cultured to exclude Blastocystis infection. The animals were separately maintained in polycarbonate cages with paper bedding, at 25°C, in the animal house, with a relative humidity of 40-60% and under a 12-hour light/dark cycle. They were fed a normal diet of commercial pellets and given potable water ad libitum. The cages and paper bedding were changed at weekly intervals.
Experimental infections and design:
Blastocystis spp. organisms in 3-4 days-old cultures were harvested and purified by Ficoll-Hypaque density gradient centrifugation [35] to remove bacterial load in each isolate, and to exclude bacterial infection as a possible cause of histopathological changes occurring in experimental studies. After counting the number of cells using a hemocytometer, number of cultured forms was adjusted to 1 × 10 5 /ml. Cells were immediately intra-gastrically inoculated orally into the animals by 16-G ball-tipped feeding needle attached to one ml syringe [36] .
Mice were divided into three groups: GI, 7 mice inoculated by organisms of isolates derived from CRC patients; GII, 6 mice inoculated by organisms of isolates derived from symptomatic non-CRC patients; and GIII, 6 mice inoculated by organisms of isolates derived from asymptomatic non-CRC Blastocystis carriers ( Table 1 ). In GI and GII one mouse was inoculated for each clinical isolate. Each group of mice included one additional mouse inoculated with one ml parasite-free culture medium, kept under the same conditions, and considered as negative control for each group. These were housed separately to avoid feco-oral transmission of infection. Meanwhile, only one mouse was housed per cage to facilitate collection of stool samples and diagnosis of infection. Stool samples from all mice were screened for the presence of infection daily for one week post infection (PI) by wet mount examination and culture in Locke' egg slant serum medium [34] . The culture was considered negative if the organism was Time absent until the 7 th day. Two weeks PI, all mice were anesthetized by ether and euthanized by disc dislocation. Large intestine (colon and cecum) was assessed by naked eye, removed, preserved in 10% formalin, and processed in paraffin blocks. Histopathology: Paraffin blocks of tissue samples were sectioned, stained with hematoxylin-eosin and examined microscopically using 40x and 100x objectives. Grading of the degree of inflammatory cell infiltration and tissue destruction was assessed as described by Riley et al. (37) .
Statistical analysis:
Results are expressed as number and percent. Statistical analyses were carried out using SPSS version 20. Pearson Chi-square (2) test was used to compare results. The significance level was considered at probability P<0.05. Data are presented by descriptive tables and appropriate figures.
Ethical considerations: All participants were acquainted with the study details and agreed to participate in it. The procedures employed in the present experiments complied with the current ethics guidelines set out by Ain Shams University. General principles for care and use of animals in experiments for scientific purposes were followed as recommended by the National Advisory Committee for Laboratory Animal Research. The research protocol was approved by the Ethics Committee, Faculty of Medicine, Ain-Shams University.
rESultS
All isolates included in the study were infectious to mice with positive diagnosis starting from 4 th to 6 th day PI with no statistically significant differences. The infection was diagnosed on the 4 th day PI in 4/7 mice included in GI inoculated with isolates from CRC patients, and in all mice in GII inoculated with isolates from the non-CRC symptomatic patients. Infection was diagnosed on the 5 th day PI (3 mice) from GI, and on the 5 th and 6 th days PI (3 mice respectively) inoculated with isolates from the non-CRC asymptomatic GIII (Table 1) . No mortality or lethargy was observed in the animals throughout the study.
Naked eye appearance of intestine: Gross morphology of the large intestine and cecum of all isolates of GIII mice, inoculated with asymptomatic isolates, showed no abnormalities compared to features seen in the non-infected control animal. On the other hand, some redness and bloated cecum were observed in four mice of GI (CRC group) and two mice in GII (non-CRC symptomatic group) compared to controls.
Histopathological examination:
Histopathological examination of the intestine of mice of the three groups, revealed Blastocystis vacuolar forms in the lumen of the large intestine, mainly in the cecum with no organisms detected in the small intestine. Blastocystis spp. parasites were detected at the edge of the mucosa, trapped in the epithelial lining near the surface (Figures  1 and 2) . Different degrees of pathological changes were detected among mice infected by isolates from CRC-(GI), non-CRC symptomatic-(GII) and asymptomatic-(GIII) patients ( Table 2 ). Intense and severe degree of pathological changes were seen in sections of the intestine of all mice inoculated by CRC-isolates (GI) with severe and mixed inflammatory cells infiltration throughout the lamina propria namely lymphocytes, eosinophils, and sporadic polymorphs with the appearance of lymphocytic aggregation throughout the mucosal layer. The inflammatory cells infiltration was moderate to severe in sections of the intestine of mice of GII and mild to moderate in case of mice of GIII (Table 2; Figures 1, 2, and 3 ).
Collections of Blastocystis vacuolar forms were observed in the submucosa and lamina propria in sections of the colon and cecum of 4 mice in GI. Precancerous proliferative lesions in the form of polypoid projections with fibrovascular core covered with hyperplastic mucosa of the colon were noticed in some areas of the mucosa of these 4 mice, (Figure 1 a-c). Only sporadic vacuolar forms were seen invading the submucosa of 2 mice in GII ( Figure 2 ). One of these two mice showed one or two polypoid projections like those noticed in mice of GI (Figure 1d ). No Blastocystis organisms were seen invading the submucosa in sections of the intestine of mice of GIII. Also, no proliferative changes were seen in the mucosa of mice of GIII ( Figure 3 ). There was no invasion detected in the muscularis mucosa by any of the Blastocystis stages in all groups studied. The mucosal epithelium showed no ulceration or dysplasia. Statistically significant differences existed on comparing the pathological lesions produced in mice of the three groups in relation to the clinical source of isolates (P<0.049). 
Degree of inflammation and inflammatory cells infiltration in mucosa
diScuSSion
In the present study, experimental blastocystosis was induced in mice to compare the pathogenic effects of Blastocystis spp. isolates derived from CRC patients with those produced by isolates derived from non-CRC and from other asymptomatic individuals. Blastocystis spp. isolates from CRC patients included in the study were obtained from patients diagnosed with colorectal carcinoma before beginning any chemotherapeutic therapy to exclude possible effects of the drugs on the isolates. Also, persons infected with other parasitic infections were excluded to ensure that the causative organism of symptoms in symptomatic patients was Blastocystis.
Previously experimental blastocystosis was induced in many animal models including pigs, guinea pigs, mice, chickens and rats with conflicting results on the pathogenic potential of Blastocystis [38] . Healthy pigs [20] and rats [39] are recommended for use as animal models for the pathogenicity of Blastocystis spp. However it was recommended to screen these animals for current infection before starting experimentation as both animals are natural hosts for Blastocystis spp. with absence of signs of damage to their intestines [38, 40, 41] . Although chickens could be inoculated with Blastocystis spp., authors observed that not all human isolates of Blastocystis spp. can infect chickens and rats [42] . Mice are more suitable for immunology studies than rats as the possibility of rats exhibiting previous immunity to Blastocystis spp. can lead to errors [21] . It is important to notice that older mice are refractory to Blastocystis spp. requiring induction of mild colitis using 2% DSS (Dextran Sulfate Sodium) prior to infection [39] . Thus, caution should be observed when choosing a suitable animal model to study blastocystosis. In our animal experimental study, and as previously reported [28, 29, 43, 44] , 3 weeks-old mice were used successfully to produce blastocystosis. All Blastocystis spp. isolates were infectious to animals used.
In the present work, experimental blastocystosis was successfully induced in all BALB-c mice by intragastric inoculation with 1.0×10 5 Blastocystis organisms in100 μl saline. In the work of El Wakil and Hewedy [28] , similar inoculum doses produced infection in only 40% of the animals while in the work of Pavanelli et al. [44] , a smaller inoculum of 1.0 x 10 2 produced infection in all animals. These variations may be due to differences in infectivity of Blastocystis spp. in different studies. Positive stools examinations of mice began from 4 to 6 days PI in the three groups. Earlier diagnosis of infection of 2 to 5 days [28, 44] in mice, and 3 to 4 days [6] in rats were reported depending on the inoculum size.
As regards the naked eye appearance of mice intestine, cecum and colon of mice in GI inoculated with CRC isolates and mice in GII inoculated with non-CRC symptomatic isolates, showed some redness and bloating in contrast to those inoculated by asymptomatic isolates that showed normal gross morphology. This was similar to the results observed by Abaza et al. [6] who noticed redness and bloating in cecum and colon of rats infected by symptomatic isolates, but not in those inoculated by asymptomatic isolates and isolates derived from IBS patients, suggesting differences in pathogenicity of human' isolates derived from persons with different clinical presentations.
The absence of parasites in the small intestine in all infected mice is consistent with previous reports [6, 28, 29, 31, 43] that detected Blastocystis spp. organisms only in the cecum and colon. Only in immunecompromised mice, were Blastocystis organisms found in the whole GIT [13] .
Although the amoeboid form is the proposed pathogenic form of Blastocystis spp. [46] [47] [48] , yet in studies describing the histopathology of experimental blastocystosis, only the vacuolar forms were reported to invade the wall of the intestine [6, 20, 28, 31, 32, 45, 49, 50] . Similarly, in the present work in sections of the large intestine of mice in GI (4/7 mice) and GII (2/6 mice), only the lamina propria appeared to be invaded by the vacuolar forms. Invasion of the lamina propria, submucosa and reaching up to the muscular layer of the intestine by vacuolar forms was seen only with high infective doses [28, 44] , demonstrating the impact of the higher dose of inoculum. Vacuolar forms of Blastocystis spp. have been noticed in vitro studies to produce disruption of intestinal epithelial monolayer and the occluding tight junctions (ZO-1), as well as increased membrane permeability [51] [52] [53] . Proteases excreted both in and on the cell surface of Blastocystis spp. are accused of being the virulence factor and their activity may determine the pathogenicity of an isolate. Cysteine proteases concentrated in the central vacuole of the vacuolar forms [54] are accused of causing apoptosis and membrane permeability of host cells [51] . Therefore as observed, further investigation is needed to ascertain the role of the amoeboid and vacuolar forms in pathogenicity [20] .
Different degrees of pathological changes were reported among mice and rats experimentally infected by symptomatic human isolates compared with asymptomatic isolates [6, 31, 45, 49, 50] . A mild degree of inflammation with few inflammatory cells infiltration and aggregates of lymphocytes was previously reported in rats, with the parasite seen at the luminal aspect of the colon when the animals were inoculated by asymptomatic isolates [6, 31] . Similarly, edematous lamina propria with mild inflammatory cellular infiltration especially neutrophils, eosinophils and lymphocytes were reported in experimentally infected mice [29] . Researchers reported that Blastocystis spp. organisms were seen, only, on the luminal border of the large intestine [6, 31] . A similar picture with mild inflammatory reaction was noticed in mice inoculated by isolates derived from asymptomatic carriers included in our study. On the other hand, isolates from symptomatic patients have been observed, in many studies, to cause more severe and intense pathological changes with mucosal sloughing, intense inflammatory cells infiltration, and parasite infiltration of lamina propria in mice [28, 30, 44, 49] and rats [6, 27, 31, 55] . In addition, Hussein et al. [31] and Abaza et al. [6] reported the induction of a more severe degree of pathological change with polypoid projections in colonic mucosa of rats infected by symptomatic isolates, that the authors referred to as precancerous polyps. In the present study, comparable results were recorded as the active colitis produced in mice ranged from severe in mice in GI, to moderate in mice in GII, to mild in mice in GIII, with intense inflammatory cells infiltration and formation of lymphocytic aggregation in mice in GI and GII. Polypoid projections in colonic mucosa were also significantly noticed in our present study in 57.14% of mice in GI (P = 0.049), and insignificantly in 16.66% of mice in GII, and were not found to occur in mice inoculated by asymptomatic isolates in GIII).
Recently, studies demonstrating phenotypic differentiating characters between Blastocystis spp. isolates derived from persons diagnosed with or without CRC have been published. Differences included different in vitro growth pattern and metronidazole susceptibility [56] , and in the surface ultrastructure, protein profiles and zymography [57] . Our study confirms the presence of differences in the pathogenic potential of different Blastocystis spp. isolates with possible oncogenic potential in some of them.
In conclusion, Blastocystis spp. isolates associating colorectal carcinoma differ in their proliferative and invasive pathogenic capabilities than symptomatic isolates. Moreover, asymptomatic Blastocystis spp. are non-invasive organisms causing only mild inflammatory response in the large intestine of experimentally infected animals.
